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WATER SOLUBLE ANTIMICROBIAL
COMPOSITION

CLAIM OF PRIORITY

This application is a national stage application under 35
U.S.C. §371 of PCT/US2012/050908, filed Aug. 15, 2012,
and published as WO 2013/025783 on Feb. 21, 2013, which
claims the benefit of priority of U.S. Provisional Application
No. 61/523,701, filed Aug. 15, 2011, entitled “WATER
SOLUBLE ANTIMICROBAL POWDER,” and claims the
benefit of priority of U.S. Provisional Application No.
61/558,045, filed Nov. 10, 2011, entitled “WATER
SOLUBLE ANTIMICROBAL POWDER,” which applica-
tions and publication are incorporated by reference as if
reproduced herein and made a part hereofin their entirety, and
the benefit of priority of each of which is claimed herein.

BACKGROUND OF THE INVENTION

A variety of industries are subject to problems occurring
with the growth of microorganisms. Such industries include,
for example, the sporting equipment industry, the sporting
apparel industry, the construction industry, medical health-
care institutions, the medical device industry, the lumber
industry, and the textile industry. As such, reduction or elimi-
nation of microorganisms on surfaces is important in a broad
variety of applications. One approach to interfere with the
ability of microorganisms to survive on various materials is to
modify the surface of those materials by attachment of anti-
microbial agents.

Deciding how best to attach an antimicrobial agent to a
material is guided, at least in part, by the planned end-use of
the material. One important and useful consideration is that
the antimicrobial activity be persistent. This may be achieved
by permanently attaching the antimicrobial agent to the sur-
face, so that it is unable to migrate or leach away from the
modified material surface when the modified material is
exposed to fluids. For example, for applications in which the
modified material will come into contact with aqueous fluids,
it is important that the antimicrobial agent is not rinsed away
when the modified material comes into contact with aqueous
fluids. For applications in which the modified material will
come into contact with aqueous biological fluids, it is impor-
tant that the antimicrobial agent is not rinsed away, or other-
wise inactivated, when the modified material is exposed to
aqueous biological fluids. For applications in which the modi-
fied material is to be used repeatedly, it is important that the
antimicrobial agent is not washed or rinsed away when the
modified material is washed or rinsed in fluids in between
repeated uses.

One approach employs methods that attach silane-based
quaternary ammonium compounds to particular substrates
via a siloxane bond. For example, the AEGIS® product line
includes products that utilize 3-(trimethoxysilyl)propyldim-
ethyl octadecyl ammonium chloride. According to product
literature, AEM 5700 includes 43% 3-trimethoxysilylpropy-
loctadecyl ammonium chloride in methanol, which can be
used, e.g., to coat the surface of textiles. This is not a poly-
meric compound, although some interlinking of the applied
silane may occur after application to the substrate. The
methanol present in the commercial product AEM 5700 can
be toxic, hazardous and therefore undesirable for some con-
sumers. Another problem with the AEM liquid is the insta-
bility to pH change or temp/pressure changes. The product
AEM 5700, upon removal of the methanol, will typically
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afford an oil or solid that is not readily soluble in water, and
can degrade over time when exposed to ambient conditions.

The polymerized version of the AEM 5700 (Biosafe™) is
a powder that is difficult to work with and leaves particulates
behind upon dissolving in water. The Biosafe™, upon formu-
lation into a sprayable liquid, includes an appreciable amount
ofundissolved solid particulates that should be removed (e.g.,
by filtering), or the sprayer can become clogged from the
solid particulates. This can lead to costly and time-consuming
steps in the production of liquid, sprayable commercial prod-
ucts manufactured from Biosafe™.

Consequently, there exists a need for antimicrobial com-
positions (e.g., ones that includes 3-(trimethoxysilyl)propy-
Idimethyl octadecyl ammonium chloride), as well as methods
of manufacturing the same in a convenient, reliable, and
cost-effective manner.

SUMMARY OF THE INVENTION

The present invention provides for antimicrobial composi-
tions, methods of preparing the antimicrobial compositions,
methods of using the antimicrobial compositions, and/or kits
that include the antimicrobial compositions. The antimicro-
bial compositions can be in a dry, solid (e.g., powdered) form,
or can be in a liquid (e.g., aqueous) form.

In specific embodiments, the antimicrobial compositions
described herein can effectively reduce the number of
microbes located upon a substrate. In additional specific
embodiments, the antimicrobial compositions described
herein can effectively kill or inhibit a microorganism. In
additional specific embodiments, the antimicrobial composi-
tions described herein can effectively eliminate or lower the
malodor associated with the growth of a microorganism. In
additional specific embodiments, the antimicrobial composi-
tions described herein can effectively eliminate or lower
staining or discoloration of a substrate, which is associated
with the growth of a microorganism. In additional specific
embodiments, the antimicrobial compositions described
herein are long-lasting, exhibiting antimicrobial activities for
extended periods of time. This includes those embodiments in
which the antimicrobial composition is formulated as a film
or a coating on a substrate. In additional specific embodi-
ments, the antimicrobial compositions described can employ
antimicrobial agents that are relatively inexpensive, safe,
non-toxic, and/or convenient to use. For example, the antimi-
crobial compositions can be applied to a substrate by spray-
ing, dipping, laundering, soaking, brushing, and/or rolling the
substrate with the antimicrobial composition.

In specific embodiments, the antimicrobial compositions
described herein can effectively treat a textile, such as a
moisture wicking performance fabric, without inhibiting the
ability of the textile to wick away moisture from the user of
the textile. In treating the textile, the antimicrobial composi-
tion can quickly kill microbes (e.g., bacteria, fungi, viruses,
etc.) located on/in the textile, employing an alcohol (e.g.,
ethanol). Additionally, in specific embodiments, the antimi-
crobial composition can effectively prevent (or minimize)
microbes from colonizing/growing on/in the textile, for
extended periods of time (e.g., up to about 90 days).

In preventing (or minimizing) the microbes from coloniz-
ing/growing, the antimicrobial composition includes a poly-
meric carrier (e.g., polyvinyl alcohol) coated with an antimi-
crobial (e.g., 3-(trimethoxysilyl)propyl dimethyl octadecyl
ammonium chloride), which effectively binds to the textile,
providing the microbe protection without significantly reduc-
ing the effectiveness of wicking moisture. In not significantly
reducing the effectiveness of wicking moisture, the treated
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textile will not be especially sensitive to detergents, cleaners,
and antimicrobial products. As such, with use of the antimi-
crobial composition to treat a textile, the antimicrobial com-
position can improve the ability of the textile to wick away
moisture from the user, while maintaining the antimicrobial
properties. The antimicrobial composition will therefore have
little or no negative impact on the wicking process for the
treated textile, and in some instances will improve the mois-
ture wicking performance, along with lasting antimicrobial
effectiveness (e.g., up to about 90 days).

Suitable textiles include, e.g., polyester fabrics, synthetic
polyester fabrics, non-engineered polyester fabrics, perfor-
mance apparels, moisture wicking performance fabrics, deli-
cate moisture wicking performance fabrics, and moisture
wicking performance apparel.

The antimicrobial compositions described herein can be
manufactured in a dry, solid (e.g., powdered) form, or can be
manufactured in a liquid (e.g., aqueous) form. Manufacturers
and consumers may prefer the solid form, as use of organic
solvents such as methanol (which can be toxic, hazardous and
therefore undesirable), are avoided. When manufactured in
the solid form, the antimicrobial compositions described
herein are relatively water-soluble.

Upon dissolving in water, the antimicrobial compositions
described herein can include a relatively low amount of undis-
solved solid particulates. This will avoid the necessity of
removing those solid particulates (e.g., by filtering) when
formulating into a liquid, sprayable product. This will mini-
mize the likelihood that the sprayer will become clogged from
the solid particulates. The antimicrobial compositions
described herein, both in a dry, solid (e.g., powdered) form, as
well as the liquid (e.g., aqueous) form, are relatively stable to
ambient conditions, and will undergo a relatively minimal
amount of degradation over extended periods of time. The
antimicrobial compositions will also retain the antimicrobial
properties over extended periods of time. As such, the anti-
microbial compositions can have a relatively extended shelf-
life. Additionally, the antimicrobial compositions can avoid
the necessity of being sealed in glass ampoules, which are
typically employed for the extended periods of time related to
the shipping and storage of some liquid antimicrobial com-
positions.

The present invention provides for an antimicrobial com-
position. The antimicrobial composition includes: (a) an anti-
microbial agent, and (b) a polymeric carrier. The antimicro-
bial agent is relatively water soluble (e.g., has a solubility in
water of at least about 0.05 g/mL at 80° C. and 1 atm). The
polymeric carrier is also relatively water soluble (e.g., has a
solubility in water of at least about 0.05 g/mI. at 80° C. and 1
atm). Additionally, a significant portion of the antimicrobial
agent is complexed with the polymeric carrier (e.g., at least
about 20 mol. % of the antimicrobial agent is complexed with
the polymeric carrier).

The present invention also provides for an antimicrobial
composition that includes: (a) an antimicrobial agent that
includes 3-(trimethoxysilyl)propyl dimethyl octadecyl
ammonium chloride, and (b) a polymeric carrier that includes
polyvinyl alcohol (PVA). The antimicrobial composition is
essentially free of organic solvent (e.g., the antimicrobial
composition includes less than about 0.1 wt. % organic sol-
vent). In specific embodiments, the antimicrobial composi-
tion can be in the form of a dry, powdered composition. In
additional specific embodiments, the antimicrobial agent can
be a solid. In additional specific embodiments, the polymeric
carrier can be a solid.

The present invention also provides for a method of pre-
paring an antimicrobial composition. The method includes:
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(a) contacting an antimicrobial agent, a polymeric carrier and
a solvent to form a slurry, and (b) removing the solvent from
the slurry to form the antimicrobial composition. The antimi-
crobial agent is relatively water soluble (e.g., has a solubility
in water of at least about 0.05 g/ml. at 80° C. and 1 atm). The
polymeric carrier is also relatively water soluble (e.g., has a
solubility in water of at least about 0.05 g/mL at 80° C. and 1
atm). In specific embodiments, the antimicrobial composi-
tion can be in the form of a dry, powdered composition. In
additional specific embodiments, the antimicrobial agent can
be a solid. In additional specific embodiments, the polymeric
carrier can be a solid.

The present invention also provides for a method of pre-
paring an antimicrobial composition. The method includes:
(a) contacting an antimicrobial agent that includes 3-(tri-
methoxysilyl)propyl dimethyl octadecyl ammonium chlo-
ride, a polymeric carrier that includes polyvinyl alcohol
(PVA) and a solvent that includes hexanes, to form a slurry,
and (b) removing in vacuum, at a temperature above about
25° C., the hexanes from the slurry to form the antimicrobial
composition. The antimicrobial composition is essentially
free of organic solvent (e.g., the antimicrobial composition
includes less than about 0.1 wt. % organic solvent). A signifi-
cant portion of the 3-(trimethoxysilyl)propyl dimethyl octa-
decyl ammonium chloride is complexed with the polyvinyl
alcohol (PVA) (e.g., at least about 90 mol. % of the 3-(tri-
methoxysilyl)propyl dimethyl octadecyl ammonium chloride
is complexed with the polyvinyl alcohol (PVA). Additionally,
upon dissolving in water, the composition is essentially free
of undissolved solid particulates (e.g., upon dissolving in
water at 80° C. and 1 atm, the composition includes less than
about 0.1 wt. % of undissolved solid particulates). In specific
embodiments, the antimicrobial composition can be in the
form of a dry, powdered composition. In additional specific
embodiments, the antimicrobial agent can be a solid. In addi-
tional specific embodiments, the polymeric carrier can be a
solid.

The present invention also provides for a method of pre-
paring an aqueous antimicrobial composition. The method
includes: (a) preparing an antimicrobial composition as
described herein, and (b) dissolving the antimicrobial com-
position in an aqueous solution to provide the aqueous anti-
microbial composition.

The present invention also provides for a liquid, aqueous
antimicrobial composition. The composition includes: (a) an
antimicrobial agent, (b) a polymeric carrier, and (c¢) water.
The antimicrobial agent is relatively water soluble (e.g., has a
solubility in water of at least about 0.05 g/mL at 80° C. and 1
atm). The polymeric carrier is also relatively water soluble
(e.g., has a solubility in water of at least about 0.05 g/mL at
80° C. and 1 atm). Additionally, upon dissolving in water, the
composition is essentially free of undissolved solid particu-
lates (e.g., upon dissolving in water at 80° C. and 1 atm, the
composition includes less than about 0.1 wt. % of undissolved
solid particulates).

The present invention also provides for a liquid, aqueous
antimicrobial composition. The liquid, aqueous antimicro-
bial composition includes: (a) an antimicrobial agent that
includes 3-(trimethoxysilyl)propyl dimethyl octadecyl
ammonium chloride, (b) a polymeric carrier that includes
polyvinyl alcohol (PVA), (c) water, (d) alcohol, and (e) fra-
grance. Upon dissolving in water, the composition is essen-
tially free of undissolved solid particulates (e.g., upon dis-
solving in water at 80° C. and 1 atm, the composition includes
less than about 0.1 wt. % of undissolved solid particulates).

The present invention also provides for a liquid, aqueous
antimicrobial composition. The liquid, aqueous antimicro-
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bial composition includes: (a) about 0.01 to about 4.0 wt. % of
3-(trimethoxysilyl)propyl dimethyl octadecyl ammonium
chloride (TPAC), (b) about 0.1 to about 4.0 wt. % of polyvinyl
alcohol (PVA), (c) about 18 to about 99.9 wt. % water, (d) Oto
about 80.0 wt. % of'ethanol, () 0 to about 2.0 wt. % fragrance,
and (f) 0 to about 0.004 wt. % of an anti-foaming agent. Upon
dissolving in water, the composition is essentially free of
undissolved solid particulates (e.g., upon dissolving in water
at 80° C. and 1 atm, the composition includes less than about
0.1 wt. % of undissolved solid particulates).

The present invention also provides for a liquid, aqueous
antimicrobial composition. The liquid, aqueous antimicro-
bial composition includes: (a) about 0.5 wt. % of 3-(tri-
methoxysilyl)propyl dimethyl octadecyl ammonium chlo-
ride, (b) about 1.0 wt. % of polyvinyl alcohol (PVA), (¢) about
88.3 wt. % of water, (d) about 10.0 wt. % of ethanol, (¢) about
0.2 wt. % fragrance, and (f) about 0.002 wt. % of an anti-
foaming agent. Upon dissolving in water, the composition is
essentially free of undissolved solid particulates (e.g., upon
dissolving in water at 80° C. and 1 atm, the composition
includes less than about 0.1 wt. % of undissolved solid par-
ticulates).

The present invention also provides for a kit, that includes:
(a) an enclosed container that includes a removable closure,
(b) an antimicrobial composition described herein, located
inside the enclosed container, and (c) printed indicia located
on the enclosed container.

The present invention also provides for methods of using
the antimicrobial compositions described herein. In specific
embodiments, the antimicrobial compositions described
herein can be used to effectively reduce the number of
microbes located upon a substrate. In additional specific
embodiments, the antimicrobial compositions described
herein can be used to effectively kill or inhibit a microorgan-
ism. In additional specific embodiments, the antimicrobial
compositions described herein can be used to effectively
eliminate or lower the malodor associated with the growth of
a microorganism. In additional specific embodiments, the
antimicrobial compositions described herein can also be used
to effectively eliminate or lower staining or discoloration of a
substrate, which is associated with the growth of a microor-
ganism.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a vertical fabric fluid dispersion for an
exemplary composition of the present invention.

FIG. 2 illustrates a horizontal fabric fluid dispersion for an
exemplary composition of the present invention.

FIG. 3 illustrates a vertical fabric fluid dispersion for an
exemplary composition of the present invention.

FIG. 4 illustrates a horizontal fabric fluid dispersion for an
exemplary composition of the present invention.

FIG. 5 illustrates a moisture release (evaporation) for an
exemplary composition of the present invention.

FIG. 6 illustrates a moisture release (evaporation) for an
exemplary composition of the present invention.

FIG. 7 illustrates a simulated perspiration test for an exem-
plary composition of the present invention.

FIG. 8 illustrates a simulated perspiration test for an exem-
plary composition of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to certain claims of
the disclosed invention, examples of which are illustrated in
the accompanying structures and formulas. While the dis-
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closed subject matter will be described in conjunction with
the enumerated claims, it will be understood that the dis-
closed subject matter is not intended to limit those claims. On
the contrary, the disclosed subject matter is intended to cover
all alternatives, modifications, and equivalents, which can be
included within the scope of the present invention, as defined
by the claims.

References in the specification to “one embodiment,” “an
embodiment,” “an example embodiment,” etc., indicate that
the embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may not
necessarily include the particular feature, structure, or char-
acteristic. Moreover, such phrases are not necessarily refer-
ring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection
with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described.

The present invention relates to antimicrobial composi-
tions, methods of preparing the antimicrobial compositions,
methods of using the antimicrobial compositions, and/or kits
that include the antimicrobial compositions. When describing
the present invention, the following terms have the following
meanings, unless otherwise indicated.

Antimicrobial Composition

The antimicrobial composition described herein can be
manufactured in a dry, solid (e.g., powdered) form, as well as
the liquid (e.g., aqueous) form. When manufactured in the
solid form, the antimicrobial compositions described herein
be substantially free of liquid (e.g., can include less than
about 1 wt. % liquid), yet can be can be relatively water-
soluble. Additionally, manufacturers and consumers may pre-
fer antimicrobial compositions in the solid form, as the use of
organic solvents such as methanol (which can be toxic, haz-
ardous and therefore undesirable), are avoided. Moreover,
avoidance of liquid carriers will typically decrease the pack-
aging, shipping and storage costs.

In specific embodiments, the dry, solid form antimicrobial
composition car be used neat, in reducing the number of
microbes located upon a substrate. For example, the dry, solid
form antimicrobial composition can be directly applied to a
substrate (e.g., carpet, rug or textile) under ambient condi-
tions, for an extended period of time, sufficient to reduce the
number of microbes located upon a substrate. In doing so,
moisture from the atmosphere can assist the antimicrobial
agent in sufficiently contacting the substrate. Alternatively,
the dry, solid form antimicrobial composition can be used to
manufacture a liquid form antimicrobial composition, which
will itself reduce the number of microbes located upon a
substrate. In such an embodiment, the dry, solid form antimi-
crobial composition can be used and viewed as an antimicro-
bial concentrate, or a concentrated form of antimicrobial
composition.

In specific embodiments, the dry, solid form antimicrobial
composition can be relatively water-soluble. Water solubility
will help provide a suitable liquid composition in which the
antimicrobial can eftectively be delivered to the substrate. For
example, the dry, solid form antimicrobial composition car
have a solubility in water of at least about 0.05 g/mL at 80° C.
and 1 atm, at least about 0075 g/mL at 80° C. and 1 atm, or at
least about 0.1 g/ml. at 80° C. and 1 atm.

Upon dissolving in water, the solid antimicrobial compo-
sition can include a relatively low amount of undissolved
solid particulates. This will avoid the necessity of removing
those solid particulates (e.g., by filtering) when formulating
into a liquid, sprayable product. This will minimize the like-
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lihood that the sprayer will become clogged from the solid
particulates. For example, the dry, solid form antimicrobial
composition, upon dissolving in water at 80° C. and 1 atm,
can include less than about 1.0 wt. % of undissolved solid
particulates, can include less than about 0.5 wt. % of undis-
solved solid particulates, can include less than about 0.1 wt.
% of undissolved solid particulates, or can include less than
about 0.01 wt. % of undissolved solid particulates.

As stated herein, the presence in commercial products of
organic solvents such as methanol (which can be toxic and
hazardous) are undesirable to some consumers. As such, the
present invention provides for a dry, solid form antimicrobial
composition that can be substantially free of organic solvents.
For example, the dry, solid form antimicrobial composition
can include less than about 1.0 wt. % organic solvent, less
than about 0.5 wt. % organic solvent, less than about 0.1 wt.
% organic solvent, or less than about 0.01 wt. % organic
solvent. Such solvents include, e.g., organic solvents such as
methanol.

The dry, solid form antimicrobial composition can remain
relatively stable and retain the antimicrobial properties over
extended periods of time. Such a stability and retention of
antimicrobial properties will allow the commercial productto
be shipped and stored over periods of time and conditions
typically encountered with such products. For example, at
least about 75 mol. % of the dry, solid form antimicrobial
composition can remain stable and retain the antimicrobial
properties at about 20° C. and at about 50% relative humidity,
when exposed to the atmosphere, for at least about 9 months.
Specifically, at least about 90 mol. % of the dry, solid form
antimicrobial composition can remain stable and retain the
antimicrobial properties at about 20° C. and at about 50%
relative humidity, when exposed to the atmosphere, for at
least about 3 months. More specifically, at least about 98 mol.
% of the dry, solid form antimicrobial composition can
remain stable and retain the antimicrobial properties at about
20° C. and at about 50% relative humidity, when exposed to
the atmosphere, for at least about 9 months.

The dry, solid form antimicrobial composition can be rela-
tively safe and non-toxic. Such a suitable safety profile will
furnish a commercial product with a broader appeal to those
consumers desiring a relatively safe and non-toxic product,
when practical and feasible. For example, the dry, solid form
antimicrobial composition can have a LD, in rats of greater
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“antimicrobial agent” refers to a substance that kills a micro-
organism, inhibits the growth of a microorganism, or both.
Typically, an antimicrobial kills a microorganism or inhibits
their growth by cell wall damage, inhibition of cell wall
synthesis, alteration of cell wall permeability, inhibition of
the synthesis of proteins and nucleic acids, and inhibition of
enzyme action. In specific embodiments, the antimicrobial
agent is relatively inexpensive, safe, non-toxic, and/or con-
venient to use.

The antimicrobial agent can be a solid. Alternatively, the
antimicrobial agent can be a liquid. Alternatively, the antimi-
crobial agent can be an oil.

The antimicrobial agent can be relatively water-soluble.
Water solubility will help provide a suitable liquid composi-
tion in which the antimicrobial agent can effectively be deliv-
ered to the substrate. For example, the antimicrobial agent can
have a solubility in water of at least about 0.05 g/mL at 80° C.
and 1 atm, at least about 0.075 g/mL at 80° C. and 1 atm, or at
least about 10 g/, at 20° C. and 1 atm at least about 0.1 g/mL
at 80° C. and 1 atm.

The antimicrobial agent can be complexed with the poly-
meric carrier. For example, at least about 20 mol. % of the
antimicrobial agent is complexed with the polymeric carrier,
at least about 40 mol. % of the antimicrobial agent is com-
plexed with the polymeric carrier, at least about 60 mol. % of
the antimicrobial agent is complexed with the polymeric car-
rier, at least about 80 mol. % of the antimicrobial agent is
complexed with the polymeric carrier, at least about 90 mol.
% of the antimicrobial agent is complexed with the polymeric
carrier, or at least about 95 mol. % of the antimicrobial agent
is complexed with the polymeric carrier.

Any suitable antimicrobial agent can be employed, pro-
vided the antimicrobial agent effectively kills a microorgan-
ism, inhibits the growth of a microorganism, or both. Suitable
specific classes of antimicrobial agents include, e.g., quater-
nary ammonium compound, a silver-containing compound, a
phenol containing compound, a secondary or tertiary nitro-
gen containing compound, an aldehyde containing com-
pound, a peroxygen containing compound.

Suitable specific antimicrobial agents include:

TPAC is 3-(trimethoxysilyl)propyl dimethyl octadecyl
ammonium chloride. TPAC is also known as Dow Corning
5700 (DC 5700);

Ccr
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than about 2 g/kg of body mass. Specifically, the dry, solid
form antimicrobial composition can have a LD, in rats of
greater than about 5 g/kg of body mass. More specifically, the
dry, solid form antimicrobial composition can have a LDy, in
rats of greater than about 10 g/kg of body mass.

The dry, solid form antimicrobial composition can be a
powder. Alternatively, the dry, solid form antimicrobial com-
position can be a film. Additionally, the dry, solid form anti-
microbial composition can be relatively odorless and/or rela-
tively colorless.

Antimicrobial Agent

The antimicrobial compositions described herein will

include one or more antimicrobial agents. As used herein, an
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poly(hexamethylene biguanide) hydrochloride (PHMB)

NH NH
—— NH—C—NH—C— NH—(CH,)s—
o

+x HCI

sialic acid (N-acetyl-neuraminic acid, NeuSAc, NAN,
NANA)
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COOH;

poly(diallyldimethylammonium chloride) (poly DAD-
MAC)

Ccr
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poly(vinyl benzyltrimethyl ammonium chloride) (PVBT-
MAC);

5-chloro-2-(2,4-dichlorophenoxy)phenol;

alkyldimethylbenzylammonium chloride (ADBAC);

2,4,4'-trichloro-2'-hydroxydiphenyl ether

ClL OH
/©/O\©\
cl cl;

methylisothiazolinone

[N-(2-hydroxyl)propyl-3-trimethylammonium  chitosan
chloride] (HTCC); and

a silver complex of poly(amidoamine) (PAMAM);

2-isopropyl-5-methylphenol; and

Poly-D-glucosamine.

The antimicrobial agent can be employed in any suitable
amount, provided the amount of antimicrobial agent is effec-
tive to kill a microorganism, inhibit the growth of a microor-
ganism, or both. For example, the antimicrobial agent can be
employed in up to about 10 wt. % of the liquid composition,
in about 0.01 to about 10.0 wt. % of the liquid composition, in
about 0.01 to about 5.0 wt. % of the liquid composition, or in
about 0.1 to about 2.0 wt. % of the liquid composition. Spe-
cifically, the antimicrobial agent can be employed in up to
about 80 wt. % of the antimicrobial composition, in about 0.1
to about 80.0 wt. % of the antimicrobial composition, in about
0.1 to about 50.0 wt. % of the antimicrobial composition, or in
about 1 to about 50.0 wt. % of the antimicrobial composition.

The weight ratio of antimicrobial agent to polymeric car-
rier can be about 1:99 to about 99:1, about 1:10to about 10:1,
about 1:5 to about 5:1, or about 1:3 to about 3:1.

The antimicrobial agent can remain relatively stable and
retain the antimicrobial properties over extended periods of
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time. Such a stability and retention of antimicrobial proper-
ties will allow the commercial product to be shipped and
stored over periods of time and conditions typically encoun-
tered with such products. For example, at least about 75
mol. % of the antimicrobial agent can remain stable and retain
the antimicrobial properties at about 20° C. and at about 50%
relative humidity, when exposed to the atmosphere, for at
least about 3 months. Specifically, at least about 90 mol. % of
the antimicrobial agent can remain stable and retain the anti-

Ccr
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microbial properties at about 20° C. and at about 50% relative
humidity, when exposed to the atmosphere, for at least about
3 months. More specifically, at least about 98 mol. % of the
antimicrobial agent can remain stable and retain the antimi-
crobial properties at about 20° C. and at about 50% relative
humidity, whe